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r T 1 HE CODLING MOTH is at present the most 
serious insect pest with which the apple and 
pear growers of the Pacific Northwest have to con- 
tend. Losses from "worms" in some years average 
as high as 20 per cent of the total crop, and losses 
sustained by individual growers are often more than 
50 per cent of their crops. On the other hand, by 
using proper methods, many growers keep their 
losses well below 5 per cent. A knowledge of the 
habits of the insect is essential for the intelligent 
application of control methods. 

This bulletin briefly describes the various stages 
of the codling moth and gives an account of its 
habits. A pictorial diagram of the life cycle is 
given in Figure 6. Detailed spraying instructions 
are set forth and other control methods are sug- 
gested. Combined spray schedules will be found at 
the end of this bulletin, showing how the apple 
powdery mildew and scab sprays may be combined 
with the codling moth sprays. 
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LOSSES DUE TO THE CODLING MOTH. 

THE CODLING MOTH 2 is the most serious insect enemy of 
apples and pears in the Pacific Northwest, taking the region as 
a whole. Estimated losses from this insect alone run as high as 
20 per cent of the total crop of the region in some years. This loss 
is in spite of the fact that practically all of the growers spray their 
trees with arsenate of lead from one to six times every season. It is 
obvious that there is need of improvement, both in the timing of the 
sprays and in the methods of application. Many growers are con- 
sistently keeping their losses from this insect below 5 per cent annually, 
and others can do as well by following the proper methods. 

NATURE OF INJURY. 

The larva or "worm" is the only stage of the codling moth which 
is injurious, and the only injury of consequence is to the fruit. The 
young worms, upon hatching from the eggs, seek out the nearest 
fruit and burrow into it, producing the familiar wormy apple or 
pear (see title page). A fruit in this condition, though not totally 
ruined, loses most of its commercial value, since it will not keep long, 
and the laws of some States forbid its being shipped, except to by- 
products plants. The value of such fruit, on the average, is not 
more than one-eighth of the value of sound fruit. It therefore pays to 
produce sound apples and pears. 

DISTRIBUTION AND FOOD PLANTS. 

The codling moth is found in practically all localities where apples 
or pears are grown. No place where these fruits can be raised may 
be said to be immune, though some sections, particularly the newer 
ones, are not yet seriously troubled with it. Isolated orchards are 
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perhaps the >afc>t from attack, if e&ro i.« taken not to introduce worms 
in f mil or boxe>. or in other ways. The codling moth does not spread 
l-a pit lly by ii^elf. 

Tn cooler regions tlie worms will probably never ho ;»s serious 
as in warmer regions. This is because the shorter season cause?, 
more of the first brood of worms to delay transforming to moths 
until the following year, resulting in a smaller second brood. 

The apple is the preferred food of the eodling moth, and by far 
the greatest injury is suffered by this fruit. Some varieties are more 
susceptible than others. The AVincsap and Arkansas Black are at- 
tacked less, while some of the more fragrant varieties, such as the 
Spitzenherg and the Delicious, are preferred. Summer varieties, 

which ripen while the 
worms are still active, 
are always more wormy 
than the late varieties. 
Crab apples are infested 
somewhat. 

Pears are also at- 
tacked by the codling 
moth to a great extent, 
early varieties, such as 
the Bartlett, being fa- 
vored. Fears are har- 
dier than apples, and 
where the t wo are grown 
together the insect much 
p r e f e rs t li o applet 
Peal's grown in consid- 
erable acreages by them- 
selves, however, often 
become nearly as badly 
infested as apples. 

In addition to apple? 
and pears, the codling 
moth has been recorded 
as infesting peaches, 
cherries plums, prunes, quinces, and apricots. These infestations 
are of little consequence, usually occurring where such varieties are 
interplanted with badly infested apples. Tn recent years, walnuts 
have become infested in some parts of California, but in the North- 
west the limited plantings of walnuts have not yet shown signs of 
injury. 

APPEARANCE AND HABITS OF THE CODLING MOTH. 

Successful control of the codling moth requires an ability to 
recognize the insect in its different stages. 

THE MOTH. 

The adult insect, which is seldom observed by the orchardist, is 
a small, inconspicuous moth (fig. 1). The female is usually a litth* 
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larger than the male, and has a maximum wing spread of about 
three-fourths of an inch. The front or upper wings are brownish 
gray, crossed with lines of lighter gray, and have a bronze band at 
the* tip. The hind wings, which are covered when the moth is at 
rest, are grayish brown. The average length of life of the inoths 
is two weeks. 

The moths feed very little and begin to lay eggs in one or two 
days after they appear, if the weather is favorable. The greatest 
activity occurs at dusk. Most of the eggs are deposited at this 
lime, and only when the temperature is above 00° F. The number 
of eggs laid by each female varies greatly, but under favorable con- 
ditions the average is about 40. The eggs arc deposited singl} 7 , those 
laid in the early summer being placed mostly on the leaves and 
I wigs, while later many of the eggs are found on the fruit. 




Via. t.— Codling moth ogKs : I.ofl. natural size, en apple* leaf; right, «hifflc much 



Codling mot lis are capable of flying half a mile or more. In 
orchard sections, however, they do not ordinarily travel far, unless 
carried by the wind, as their object is to reach :i tree on which to 
deposit eggs. 

THE EGG. 

The pearly white egg is about the size of a pinhead and resembles 
a thin convex disk (fig. 2). A few days after the egg is laid, a red 
ring, the germ band, becomes apparent, and the day before the 
worm hatches, a black spot, the head of the worm, is easily seen. 
The eggs are extremely sensitive to temperature. High tempera- 
tures will hatch the worms in 5 days, and cool weather has retarded 
(lie incubation for as long as 2:*5 days. The average incubation 
period is about 10 days. 

THE LARVA OR WORM. 

It is the larva or worm of the codling moth that feeds on the 
fruit, and in this stage it is most susceptible to control measures. All 
fruit growci-s are familiar with the pink or white worm, about five- 
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eighths of an incli lung, which is the full-grown larva of the codling 
moth (fig. I>). Immediately after hatching from the egg, the young 
worm, scarcely one-eighth of an inch long, with a black head ap- 
pearing too large for its slender body, begins a very active search for 
food, h ne\er enters the fruit beneath the shell of the egg, but 
emerges from a hole broken in the upper side of the eggshell near the 
edge, li then crawls rapidly about, until a suitable place of en- 
i ranee into the fruit is found. The calyx cup. the stem cavity, or an 

injury to the skin of the fruit 
is preferred, as it affords pro- 
tection and an easy entrance. 
Many won as of the summer 
broods burrow directly into 
the fli da of the. fruit. In about 
l.l hour* the worm has eaten 
through the skin, excavated a 
cell jn>t beneath the surface, 
and covered the entrance hole 
with fra>s which is held to- 
gether with silken threads. 

For a few days the worm 
feeds near the surface, or in 
the outer cavity of the calyx, 
before burrowing to tin* center 
of the fruit, where it remain-, 
often feeding on the seed-, 
until it is full grown. When 
of full si/.e it makes an exit 
t unnel to the Mir face, from 
which it -oon leaves the fruit 
and seeks a place to spin it- 
cocoon. The exit hole is ordi- 
narily more evenly rounded 
and larger than the entrance 
hole. 

If the young worm dies 
from the elicits of poison, is 
killed by predacious enentie-. 
or leaves the entrance hole for 
any reason before it h:is bur- 
rowed more than one-eighfh of 
inch from the surface of the fruit, the reuniting injury is culled 
rting" (fig. 4). Because of the hard flesh and smooth skin 
peaiv, worms attacking this fruit enter at the calyx or at the 
end more often than in apples. When a worm enters the 
a pear, the characteristic surface feeding is usually ab- 
sent and the small entrance hole has the appearance, of an un- 
healed sting. Occasionallv larva* are seen burrowing into the veins 
of leaves and the terminal slmoU of twigs, but they -eein unable to 
develop to maturity on food of tlii-^ kind. 
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THE COCOON. 

The touidi, waterproof cocoon (fig. 8) is woven of white silken 
threads wiTh which bits of hark, wood, and leaves are often mixed. 
Cocoons are spun in any protected place, and are more commonly 
found ahont the tree under rough pieces of bark and in cracks or 
wounds in the branches and trunk. They also occur about the pack- 
ing sheds, in cracks in the floor and walls, and in corners of boxes 
and barrels. Many worms spin their cocoons in the ground near the 
trunk of the tree. 

THE PUPA. 



While undergoing the changes from worm to moth, the insect is 
called a pupa "(fig. 8). At first this is amber colored, changing 




fit;. -4. SOu^s produced Uy fuelling molli worms on apple*. 



later to a dark brown. AVhen the necessary change* have taken 
place, the pupa wriggle* its way out of the cocoon, the pupal case 
splits at the front, and the moth emerges. The empty pupal ca*r* 
are frequently seen in the orchard protruding from cocoons ( lig. 

SEASONAL HISTORY. 

fn order to control the codling moth, it is esseniial to understand 
the seasonal history of the pest, not only in general, but also under 
local conditions. The pictorial diagram given in Figure G will aid 
in following its activite* through the season. 
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WINTERING WORMS. 

The codling inotli spends the winter as a worm in a cocoon. The 
wintering worms include sill of the last, brood of worms which de- 
velops during the year, and a part of the preceding brood, the 
percentage of wintering worms of the earlier brood being the smaller. 

SPRING PUP^E AND MOTHS. 

With the coming of wanner spring wealher. the wintering worms 
change to pupa* and Inter to moths, the latter beginning to appear 
soon after the apple t rees have bloomed. The pup*: and inothf which 
develop from the wintering larva 1 are called the "spring brood of 
pup;e " r and the !t spring brood of moths." The mollis of the spring 
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brood, under normnl conditions, reach the height of their activity 
in the Pacific Northwest during the last week in May or the first 
week in June. When the temperat nre in the late a fternoon or 
evening is 00° F. or higher, the moths lay eggs. 

The dates given in Figure (i. as well as those in the text, are only 
approximate and will vary with the locality and season. 

FIRST GENERATION. 

The first generation begins with the eggs laid by the spring brood 
of moths and includes the worms, pnptt. and moths resulting from 
them. The earliest eggs are commonly subjected to considerable cool 
weather and the worms are not hatched for 1:2 to 14 days. As the 
temperature, becomes higher, the length of the incubation period of 
the egg decreases, the minimum being 5 days. Newly hatched 
vonns of this gencration ? that is, the iirst-brood worms, arc found 
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FlG - i.— Pictorial diagram Illustrating seasonal history of the codling moth in the Pacific Northwcwt. 
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entering the fruit for a period of about five weeks, and are most 
numerous about the middle of June. 

The worms constituting the first brood feed in the fruit for about 
three weeks. Then, having reached their full growth, they leave the 
fruit and busy themselves for five or six days in making their 
cocoons. About 75 per cent of these worms continue their develop- 
ment into pupse and moths, but the others remain in their cocoons 
until the following season. With the higher temperatures, the 
worms that transform pass through the pupal period in about two 
weeks, less than half the time required by the pupae constituting the 
earlier spring brood. 

The first individuals of the first brood of moths appear early in 
July and after this time moths are present in large numbers until 
cool weather, a period of about 10 weeks. The complete life cycle of 
the first generation, from the time the egg is laid until the resulting 
moth is prepared to lay eggs, is accomplished in 50 to 60 days. 

SECOND GENERATION. 

Many eggs of the second generation develop in six or seven days, 
and the young worms, appearing first about the middle of July, con- 
tinue to attack the fruit in large numbers for about six weeks. These 
second-brood worms remain in the fruit to feed for a longer time 
than do the worms constituting the first brood, their average feeding- 
period being about a month, and most of them will not change to 
pupae and moths until the next season. 

After leaving the fruit, the worm chooses its winter quarters and 
spins a cocoon. In the Eogue Eiver Valley of Oregon and in some 
parts of eastern Washington a small number of these worms pupate 
and develop into moths of the second brood, which deposit a few 
third-brood eggs. 

OVERLAPPING OF GENERATIONS. 

The lower half of Figure 6 shows the average period which is 
covered by each stage of the codling moth. At certain times all 
stages are present, owing to the overlapping of generations. The 
first generation is the most uniform and is completed by the largest 
number of individuals. The stages of the second generation follow 
closely those of the first, though the corresponding stages of succes- 
sive generations seldom overlap. Except for a short interval just 
before the middle of July, worms are hatching and attacking the 
fruit from the latter part of May to October. 

NATURAL CHECKS ON CODLING MOTH INCREASE. 

The worms of the codling moth while in their winter cocoons 
are subject to various unfavorable conditions. The weather is per- 
haps the most important of these. The worms will stand a great 
deal of cold, having been always accustomed to the same environment 
as the apple and pear trees. A temperature of a few degrees below 
zero will often kill 4 or 5 per cent of the worms not protected by 
snow or by the soil, and temperatures of 25° F. below zero or colder 
will kill practically all of the exposed worms. Many worms spin 
44280°— 31 2 
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their cocoons in the soil or near the soil surface, where they are 
ordinarily protected by snow, and even these very cold temperatures 
will fail to reduce the numbers of worms materially. More worms 
will be killed by alternating periods of freezing and thawing than 
by a long period of freezing weather. In the spring unfavorable 
weather may hinder the development of the codling moth. Cold 
weather during the time the moths are flying may prevent them from 
depositing as many eggs as in warm weather. Birds also have a 
part in destroying the wintering worms. 

At the present time insect enemies of the codling moth apparently 
are not of any great importance in the Pacific Northwest. A few 
beetles prey on the worms, and occasionally some eggs are found to 
be parasitized by a minute four- winged fly, 3 but for the most part 
the codling moth is free from attack by other insects. 

IMPRACTICAL MEASURES FOR CONTROL. 

Since many valueless methods for the control of the codling moth 
are continually being proposed, it seems necessary to mention some 
of them here in order to show why they are of no practical use. 

Trap lights. — Trap lights are frequently suggested to catch the 
moths. They are worthless for the reason that the codling moth is 
not attracted to lights to any extent. In this respect it differs from 
many of the night-flying cutworm moths, which may be attracted 
to lights in numbers. 

Untried spray materials. — Fruit growers should avoid the use of 
new and untried sprays, for in the great majority of cases these prove 
worthless. 

Cultivation. — Since many codling moth larvae, enter the soil to 
spin their cocoons, it has been thought that cultivation would be 
of some value in destroying these. The evidence at hand tends to 
show that the great majority of these worms enter the soil at the 
tree trunk and spin their cocoons in contact with the trunk or larger 
roots. It would therefore be impracticable to destroy any of these 
cocoons by cultivation. Clean cultivation of an orchard has no 
effect in reducing the number of worms. 

METHODS OF CONTROL WHICH SUPPLEMENT THE USE 

OF SPRAYS 

Planting and pruning. — From the standpoint of codling moth 
control it is advisable, when setting out a young orchard, to plant 
each variety in blocks of from four to six rows, rather than in alter- 
nating rows. This will make it possible to spray the earliest 
varieties first, and the others later, and will facilitate handling the 
fruit. Trees should be planted at such a distance apart that the 
spray machine can be driven between the rows at any time. The 
branches of adjacent trees should never interlock, as this interferes 
with thorough spraying. When the trees are pruned, the necessity 
of subsequent spraying should be considered, and the trees kept 
open enough to permit all parts to be reached with the spray. The 
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tops of high trees are very difficult to spray properly, as well as ex- 
pensive to pick. Consequently, trees should not he allowed to grow 
to extreme heights. 

Thinning the fruit. — Many if not most of the fust brood of worms 
that escape being poisoned by the sprny may he destroyed by proper 
thinning of the fruit. All clusters should he thinned to one fruit, 
preferably the largest, as the worms find it much easier to enter 
where two fruits nre touching, and usually both fruits arc damaged. 
All fruits already wormy should he removed, and these should not 
be dropped to the ground, hut should be destroyed. This wormy 
fruit may be fed to hogs, or thrown into a barrel or tank of Avater 
to which ft little fuel oil has been added, or it may be burned, or 
buried under 0 inches of closely packed soil. 




Fiis. 7.— A pul* orchard with tretv> banded for the codling nioih. 



To destroy the maximum number of worms, thinning should be 
done earlv— that is, in dune— because the worms be^gin leaving the. 
fruit during the last week of June. If the thinning is delayed until 
July, many of the worms will have left the fruit and will escape de- 
struction. " Early thinning is good orchard practice for other reasons, 
as it relievos the trees of the unnecessary load at the earliest possible 
time, and gives the remaining fruit a better chance for development. 

Banding the trees, — Banding the trees with cloth bands in order 
to catch the worms has long been practiced, and this method of con- 
trol has its uses (fig. 7). BmuMng should never take the jilace of 
graying, but it is often a valuable' help in reducing the number of 
worms in a badly infested orchard. Under the most favorable con- 
ditions, not more than one-third of the total number of worms will 
be caught in bands, and in orchards where the worms are being held 
in check eflectively by spraying and thinning, banding is a useless 
expense. 
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To make banding most effective, the trees should first be scraped 
very thoroughly to remove all the loose bark under which cocoons 
might be spun. This should be done during the winter or early 
spring, when many wintering worms will be destroyed. A trian- 
gular box scraper or an old, well-sharpened hoe with a short handle 
may be used, or a suitable tool may be made from a mower section 
(fig. 8). All dead wood should be removed, and all cracks and holes 
filled up as far as possible. This will force more of the worms to 
spin their cocoons under the bands. Care should be taken not to 
scrape off the live bark. 

The bands may be made of any heavy cloth, burlap from old sacks 
being perhaps the most available and satisfactory material. Strips 
should be cut a foot wide and long enough to extend once around the 
trunk and overlap a little. These strips should be folded lengthwise, 
making a band about 6 inches wide. The bands are held in place by 
finishing nails or other nails with the heads nipped off. One or two of 
these nails should be driven into the tree where the ends of the band over- 
lap, leaving only enough of the nail protruding to hold the band nicely. 

These bands must be in place by the middle of June. Beginning 
July 1, and every 10 days thereafter until September 1, the bands 



move them until the fruit has been harvested. At any convenient 
time after harvest, the bands should again be removed and all worms 
destroyed. The bands may then be put away for the winter to be 
used again the following season. If it is desired to catch only the win- 
tering worms, the bands should not be put on the trees until August 1, 
and a single examination after harvest is all that is necessary. Chem- 
ically-treated bands have been developed that kill most of the worms 
entering them and make periodical examination unnecessary. 4 Band- 
ing should not be practiced unless these treated bands are used or 
unless the grower examines the untreated bands systematically as 
recommended. 

Baits. — Various baits have been tried, such as cider, vinegar, molas- 
ses, and fermented apple juice, placed in pans or jars in the tops of 
the trees. Kecent tests of these baits have shown that considerable 
numbers of codling moths are attracted to a mixture of molasses and 
water and to fermented apple juice. The use of a few of these baits 
in an orchard will show the grower when the codling moth first 
appears in the spring, and will give him an idea of the relative abun- 
dance of the moths during the season. Their use in large numbers in 
the orchard may also have some value as a supplementary control 
measure. 



Fig. 8. — Scraper for removing bark from trunk of apple tree prepara- 
tory to applying band. 




should be removed 
from the trees and ex- 
amined, and all worms 
and pupse found in the 
bands or on the trunks 
of the trees destroyed. 
Worms coming into 
the bands after this 
date remain there for 
the winter, and it is 
not necessary to re- 



■'• Information as to how to make and use these treated bands may be obtained from the Bureau of Ento- 
mology, U. S. Department of Agriculture. 
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DUSTING OUTFITS. 

A small aerobe of young tree, or a few trees "^f^Jj^* 
mav often he most conveniently treated tor Ui. ^ 
nsinsr a mixture of drv powdered lead arsenate and \p dialed li ne in 

1 nd duster. Powi dusters arc on the market for large ^opcra , t.o s 
hut dusting is not recommended for the coi».»erc,.-,l otchjucU ol the 
Pacific Northwest. 

SPRAYING THE MAIN RELIANCE FOR CONTROL. 

The cflicacv of spraying the fruit to protect it from the codling 
„,ot is so M V at that this method of control far outweighs >m im- 
u t nee all the other methods put together. The — , .Jicjmcy 
n s,,raviug for the codling moth is not as eas.ly atU. mod a* in spray 
ing for other pests, hecausc more sprays arc neccs, a in 1 tho Ume 
ohipplication is of more importance. Hence careful uo.k is icquncd. 

EQUIPMENT FOR SPRAYING. 

SPRAYING OUTFITS. 

No commercial orchard i*t should be without a power spraying 
outfit, It is usually an expensive matter to hire the spraying done; 





' 1 Vic. 10.-An«W 1107.7.1c ol tlio 

„ ■,_..•..„„. UIt u lUiuijucanai and cddv-cliaintxr or \vlilrl|«ool-<lislc 

»»,. it.-Hmiln.tu IVHUJi^W" <™« tyii; , ( , JU:lilltanpenn( iSu- f l,.r.) 

the work is slighted or done at the wrong time, and the results arc 
poor. Often adjacent growers with small acreages can combine in 
the purchase of an outfit, and spray their orchards jointly. Hie 
number of acres a single outfit can cover will depend on the type 
of outfit, distance to water, efficiency of the operators .size of trees, 
and the lay of the land. It should he possible to apply an average 
of 8 to 10 tanks of spray in a 10-hour day. In general, enough out- 
fits should be provided to complete any particular application of 
sprav in a week or 10 days. 

M'anv tvpes of outfits are on the market, and the grower has a 
wide v'arictv to choose from. Spray outfits usually receive severe 
treatment and a machine should be purchased that is known to he 
durable and as free as possible from mechanical faults. Ihc engine 
on the machine should be of sufficient horsepower to operate the 
pump easilv. An engine that is too small will cause a great (leal 
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of (-rouble. In deciding 00 the >i/.e * > f the machine, the grower must 
be guided largely by the size of his orchard. Some of the larger 
outfits are giving very good service and are undoubtedly worth the 
added cost to the man who has a large orchard. 

Stationary systems for spraying are rapidly coming into favor, 
and are worthy of investigation by the fruit grower who (Iocs not 
already use one. Pipe? are laid in the orchard at suitable intervals, 

with frequent outlets 
to which the hose may 
be Attached. T h es e 
pipes arc connected to 
a pump which is 
housed at some con- 
venient point and is 
operated by a gasoline 
engine or au electric 
motor. The initial 
outlay is relatively 
great, but the system 
should last longer than 
the usual outfit, be- 
cause it is free from 
wear and tear caused 
by hanliug about the 
orchard and over irri- 
gation ditches. The 
use of a stationary sys- 
tem also makes it pos- 
sible to spray any part 
of the orchard at any 
time, weather permit- 
ting, regardless of the 
condition of the soil, 
load on the trees, pres- 
ence of props, or other 
things that sometimes 
interfere with driving a 
portable outfit through 
the orchard. 

ACCESSORIES. 
The spray hose 

t*i-.. II. — .>i»r.iy n»l w[tii|.[Hi| with I wu nngfol imz/.lt^ «m ;s Y. should I>C of tllC best 

grade, preferably one- 
half inch inside diameter, and it is most conveniently handled if in 
lengths of f)0 feet. Couplings and clamps should be heavy and prop- 
erly adjusted so that there- will be no leaks and no danger of coming 
apart. For most spraying operations two leads of hose are used. 
Three leads may be employed where one operator sprays from the 
tank or tower. Four leads are likely to be inconvenient, as the 
operators get in each other's* way. 
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Either spray guns or rods and nozzles may ho used in spraying 
far the codling moth. Good results will he ohtiiined with either if 
Ihev arc properly used. Spniy guns are used almost altogether, 
however, as they'are lighter and more easily handled than the rod*. 
Spraying is more rapid with the guns and hence more economical, 
but careless work is more likely to he done than with the rods. The 
sprav guns have the advantage of heing adjustahle, so that a wide, 
cone of sprav may he used for close-range work, or a long stream for 
jrreatcr distances '(figs. 10 and 17). This adjustahle feature should he 
utilized, the aim heing at all times to reach the fruit to he sprayed 
and no farther. In purchasing a spray gun, one should he chosen in 
which the adjustment is made hy a short turn of the handle. Dnr- 
ahilitv should also he considered,' as some spray gnus get out of order 
easily. The disks for the guns and for the whirlpool nozzles CO rut 
with diflVrent-sized holes, and the size to use will depend on the 
pressure supplied hy the 
pump. New disks should 
ho substituted when the holes 
in the old ones wear too 
large. 

The tops of large trees, 
when sprayed from the 
ground, are often very poorly 
sprayed. In order to do 
more thorough work a tower 
(lig. 12) may he used on a 
portable sprayer. This may 
bo of wood or iron, and with 
a platform surrounded by a 
railing or with a frame in 
the, shape of a carpenter's 
horse which may be strad- 
dled by the operator. ]f all 
the spraying is done from 
the ground, which is necessary when stationary systems are used, 
particular care should bo taken to spray thoroughly the tops of the 
trees. 

SPRAY MATERIALS. 




I: 



— Power snmjer e<inipi*»<I witli a lower. 
(Oumntamr ami Sieger) 



LEAD ARSENATE. 

Lead arsenate is the standard insecticide used in spraying for the 
codling moth. At present no other insecticide approaches it in effec- 
tiveness or safety. Its chief fault is that it is a rather slow-acting 
poison. The codling moth worm burrows into the fruit in a. short 
time, and even though it consumes a killing dose of poison in doing 
so, a "sting" (fig. 4) is produced before the worm dies. These stings 
are lindcsirablc/as they lower the grade of the fruit, Xo insecticide 
lias been found that will kill the worms so quickly that they are unable 
to produce stings. The only way to avoid stings is to keep the 
number of worms down to a minimum. 
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Loud arsenate may be procured in cither the p^W(bred or the 
paste form. One form is as effective as the other, hut the powdor 
is more commonly used, as it is more convenient to handle and may 
l>e stored without danger of freezing. It does not lose its strength if 
kept from one season to another. According to the Federal insecli- 
eide aet of HUO, lead-nrsenate paste must contain at least 12.5 per 
cent of arsenie pentoxide (As 2 0 5 ). and since the paste is usually 
nearly 60 per ceiU water, the powder should have at least 25 per cent 
of arsenic pentoxide. In fact, most brands on the market contain 
about 30 per cent, and a statement of the arsenic content appears on 
the package.. The insecticide act practically insures that any brand 
of lead arsenate which has been on the market for some lime and enters 

into interstate com- 
merce contains the re- 
quired amount of 
poison. 

For the codling- 
moth spray use the 
powdered lead arse- 
nate in the proportion 
of 2 pounds to 100 
ga lions of \V!i t e r , 
washing it into the 
tank through a sieve 
while the tank is being 
filled. Weaker dilu- 
tions should no t be 
used, but 8 pound* to 
100 gallons of water 
may be used in the 
calyx and early cover 
sprays for more efFee- 
tivc control. 

The use of more 
than 2 pounds to 100 
gallons in later sprays 
should he avoided, 
as such use would 

Fit*, i.r — Apple ovrrspravetl mail v<n\r*e droiis have formed t end to increase the 

difficulty of spray 

residue removal. If the paste lead arsenate is used, the <manlities 
should be doubled, and the required amount should first be mixed with 
a small quantity of water and worked into a thin pat to before being 
put into the tank. 

OTHER ARSENICALS. 

Calcium arsenate, magnesium arsenate, manganese arsenate, and 
Paris green have been used as codling-moth sprays, but they are not 
so desirable or ^o <afe for use on the foliage as the lend arsenate. 

OIL EMULSIONS. 

Mineral-oil emulsions form a valuable addition to the lead-arsenate 
Spray program. These oils kill the eggs and cause the lead arsenate 
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t*> adhere more firmly to the fruit and foliaga. For this purpose, 
emulsions containing oils ranging in viscosity from C>"> to 7. r >, and with 
a sulphonation test of not less than $5, should he used. 1 1 is preferable 
not to uncoil at all on Yellow Newtown and certain other yellow varie- 
ties of apples snseeptihle to oil injury, although oil with a viscosity 
of not mores than 3o may be used. 

In general an oil emulsion shonld not he used with more than three, 
lead arsenate sprays on account of danger of injuring the trees or 
minting the size of the fruit. Neither, for the same renson. should it 
he used within two 
months of any 
linie-siilphnrspray. 
No oil emulsion 
s ho n I d he used 
with lead arsenate 
in the second- 
brood sprays be- 
cause such use 
materially increas- 
es the dimunlty of 
re mo vi ng t h e 
spray residue. 
For Ih esc I a.te 
sprays a coinbina- 
tiouufo.il emulsion 
and nicotine sul- 
phate has been 
found to he cfFcc- 
t i ve. W he t her 
com bi n ad with 
I ea d arsenate or 
with nicotine sul- 
phate the oil emnl- 
sionshonhl be used 
in (he proportion 
Of 1 gallon to 100 
gallons of spray. 
The nicotine sul- 
phate should be 
n<ed in the pro- 
portion of one-half 
to two-thirds of a 
pint to 100 gallons 
of spray. 

When using an oil emulsion with lead arsenate, the emulsion should 
be put in the tank first, the water turned in, and the lead arsenate 
added just before the tank is full. Such combinations should bo 
applied immediately after being mixed, as dilliculty may be experi- 
enced in cleaning fruit sprayed with a mixture that lias been allowed 
to stand for some hours. 

SPREADERS. 



Km. 1-1. — AIM 



Am spin; eil with Ii-.kI nr>eit:iir to 
Urn Ihimi a'liU*! 



which :i r.iH-iu spu:ul<*r 



The mixture of lead ai*senate and water, when sprayed on the fruit 
and foliage of a tree, does not spread as evenly* over the surface t\< is 
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docuuhlo. The liquid tends to collect in drops (fig. 13) and much of 
it rolls off altogether. To overcome this, certain materials may he 
added to the spray in the tank which will cause the spray to spread 
and wet the surface more thoroughly (fig. 14). These materials arc 
known as spreaders. 

The use of spreaders in codling-moth spraying is relatively new, 
and there is much to he learned regarding them. So far as known 
at present, a spreader is a desirahlc addition to the lead-arsenate 
spray. It is possihlc to control the insect just as thoroughly without 

a spreader as with it. 



It is somewhat eas- 
ier, however, to give 
the fruit a complete 
coat of poison when ;i 
spreader is included. 
Without a spreader, 
the tendency is to 
overspray; that is, 
spray until the mate- 
rial collects in rela- 
tively large drops, 
with areas hetween 
the drops partially 
or completely unpro- 
tected. With a 
spreader there is no 
difficulty in com- 
pletely covering all 
parts of the fruit that 
are hit hy the sprav. 

The spreader vr\\\ 
not cause the spray 
to spread around to 
the opposite side of 
a fruit. The oppo- 
site side must ho 
sprayed . Neither 
en n a spreader b e 
depended on to make 
the material go far- 
ther. The addition 
of a spreader to 
the lead arsena t o 
has the advantage of 
eliminating the conspicuous white blotches that usually appear on 
fruit sprayed with the arsenical alone (fig. 13)- These interfere witli 
the proper coloring of the fruit, and sometimes make it objectionable 
to prospective purchasers. Chemical analyses show that there is just 
as much poilon on an apple when a spreader has been used as when 
it has not. The difference is that the poison rsrnoreevunly distributed. 

Spreaders arc also a desirable addition to the combination of oil. 
emulsion and lead arsenate, often preventing injury that might 
otherwise occur. 




ii i -praying the Inside of a l roc with a. spray gun. 
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HOW TO SPRAY. 



The equipment for codling moth spraying usually inohicW two loads 
lioso. The spraying outfit is driven down the middle between 
each operator, working from 



the 



grou 



nd. 



«f lioso. The spray 
two rows of trees and 
I prays ono row, 
spraying each tree 
on all sides. Where 
trees are closely 
planted it is often 
possible for eaeb 
rami to spray two 
rows of trees, mit in 
all cases each tree* 
should be completely 
sprayed before an- 
other one is started. 
Thisreducestoa min- 
imum the chances of 
missing whole t rem or 
parts of trees. 

Where the trees are 
high enough to de- 
mand the use of a 
tower, it is necessary 
to have a third oper- 
ator, or to have one 
on the tower and one 
on the ground (fig. 
12). In either case, 
the man on the tower 
sprays the upper part 
of each tree, and the 
man or men on the 
ground spray the 
lower part. 

In spraying trees 
for the codling moth, 
particular attention 
is paid to the fruit. 
The foliage need not 
be completely cover- 
ed unless the spray is 
being applied also for 
the powdery mildew, 
for scab, for aphids, 
or for other leaf-in- 
habiting pests. Too 
much emphasis can 
not be placed on the 
necessity of thorough work. The, Operator should commence by spray- 
ing the fruit on the inside of the tree (fig. 15), standing close to the trunk 
He should then spray the outside fruit, starting at any convenient* 
point and going completely annual the tree. 




Hi.—-.* praying (lu* t«>|> «»l an iippl*- tuv w iih n spiny jmiii 
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Each fruit should ho spravod from at least two sides, as the spray 
will not croon around the fruit ovon when a spreader is used. It is 
impossible to sprav more than two-thirds of a fruit from any one point. 
]f no spreader is 'used, spray until the fruit is thoroughly covered. 
Some material will he wasted by its dropping to the ground but this 
is unavoidable. The use of n spreader makes it somewhat easier to 
obtain a oomplete oortringof the fruit (fig. 14). Pa}' particular atten- 
tion to the fruit in the tops of the trees (fig. 16). The mist which a 
Win throws out between the operator and the top of the tree often 

a deooives him. \\ hen 

spraying the lower 
limbs with a gun, it 
should he adjusted to 
produce a wide oono 
of misty spray which 
will just roach the 
fruit (fig. 17). 

The pressure neces- 
sary will vary with the 
equipment. AYhether 
nozzles or guns are 
used, sufficient pros- 
sure should be sup- 
plied to form a fine 
mistlike spray, par- 
ticularly for the cover 
sprays. If enough 
pressure can not be 
supplied to do this, 
the number of nozzles 
used, or the size of the 
holes in the disks, will 
havo to be cut down 
until this ty poof spray 
fe produced. With the 
the smaller nozzles a 
proper spray will re- 
sult with less than 
200 pounds pressure. 
With guns and large- 
holed disks, 300 or 
more pounds may be 
required. 
The quantity of 
sprav neoessarv to sprav a tree thoroughly varies greatly. In general, 
a thViftv lf>-vcar-old apple tree with a full crop of fruit will require 
from 10 to 12 gallons of spray for the calyx application and from S 
to 10 gallons for the cover applications. 

WHEN TO SPRAY APPLES. 

It is of the utmost importance that the various codling-moths sprays 
ho applied at the proper time, since a spray applied at the wtong time 
may be largelv wasted and the fruit may be left utiproteeted when 
lar'e numbers of worms are batoning. It is more difficult to ascertain 




Ym, 17.— Spraying tlio lower tiiuLa ol an apple ttve with a spray Kim. 
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the propur timu for applying these sprays than for 11113* of the other 
sprays used hy the fruit growers of the Pacific Northwest, as the lime 
differs from year to year. 

The various other orchard operations, such as irrigating, cultivat- 
ing and thinning, should not he allowed to interfere with the spray 
schedulc. The handling of alfalfa^ in the orchard often seriously 
disrupts the spraying program. This should not he permitted. The 
host orchard practice does not favor cutting alfalfa for feed. This 
procedure removes valuable tree food from the orchard. Tf the 
alfalfa is cut, it should invariably be cut and removed from the 
orchard just prior to an application of spray, regardless of its con- 
dition for hay, thus obviating danger of poisoning stock. The alfalfa 
as a crop is secondary in importance to the fruit. 

CALYX SPRAY. 



The calyx spray is applied for the purpose of poisoning the calyx 
cups or blossom ends of the apples, m readiness for the worms of 




Km. iv Apple Uas^nns from which l"Kawte Imv« juft fnllHi; tfw rltrlit iim<- 1<> wnfct "<-.ily\ wn«J " 
f«»r ihr cWIiriK moth. ((}u:i in i.-uuv nii'I sii>gh>r.) 



both the first and second broods when they a])])car. Usually more 
than half of the total number of worms enter the apples through the 
calvx cups. This is the most important spray of all and should be 
vcrv thoroughly applied, every calyx cup being filled. Some growers 
consider it advisable to apply two calyx sprays, one right after the 
other, but if thorough work is done this is not ordinarily necessary. 

The time to put on the calvx spray can best be determined by the 
individual grower. Tt must V>e applied between the time the petals 
fall and the time the calyx cups close, a period of not more than 10 
davs. Spraving should begin as soon as most of the petals have 
dropped (fig. IS), and should be completed before many of the calyx 
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cups hav« closed. It is often possible to spray the earlier blooming 
varieties first and then the later ones. Do not spray while the trees 
are still in bloom, as injvry may result to the blossoms or to the bees 
that visit them, and do not wait vntil the calyces have bequn to close 
(fig. 10). 

COVER SPRAYS. 



The cover sprays are for the purpose of coating the surface of the 
apples with poison to prevent worms entering the side. The number 
of cover sprays necessary will vary with the locality and the degree 
of worminess of the orchard. In the great majority of apple orchards 
in the Pacific Northwest five cover sprays should be used, three for 
the first brood and two for the second brood, following spray schedule 
0 in Table 1. This procedure will be described first, and Variations 
from it mentioned later. Every effort should be made to eliminate 
as far as possible the first brood of worms, and the spraying for this 

brood should be unusually thorough, 
even though few wormy apples are 
seen. The second brood of worms are 
all the progeny of the first brood, and 
the nearer the grower comes to cradi- 




Fic Too hie for calyx spray 



catin<r the first brood the less tirmble 
he wdl have with the second brood. 



SPRAYS FOR THE FIRST BROOD. 

First cover spray. — The first cover 
iprar is put on to kill the earliest 
worms of the first brood, and is 
the most difficult to time properly. 
Most fruit growers are not 
equipped to make accurate obser- 
vations of the habits of the codling 
moth, and can not tell in this way when 
to spray. If expert advice is not available, probably the best way 
to set this date is to observe the numbers of moths entering baits 
placed in the trees and also the 8 p. ni. temperatures oT a thermometer 
hung in the orchard away from the buildings. Begin making obser- 
vations as soon as the calyx spray is completed, and when two or 
more consecutive nights occur with S p. m. temperatures of about 
00° P. or higher, following the appearance of numbers of moths in 
the baits, plan to have the cover spray com pie ted within 10 days. 
The reason for this is that these temperatures will cause the moths 
to la}' eggs, as heretofore explained, and the eggs norm all/ will hatch 
in about 10 days. The spray should be on the trees when the c^gs 
arc ready to hatch. This first cover spray will have to be applied 
almost invariably from two to three weeks after the calyx spray. 

Second cover spray. — The second cover spray for the first brood 
should be completed S to 10 da}*s after the first one has been finished. 
This spray is for the purpose of providing a fresh coating of poison 
at the time when the largest number of worms are hatching. Do not 
delay this spray longer than 10 diu r s after the first cover spray. 
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The fruit is growing rapidly at this time and the worms are becom- 
ing more numerous. A delay may be costly. The second and third 
cover sprays may often be more accurately timed by keeping a record 
of the number of moths appearing in the baits. 

Third cover spray. — The third cover spray should be completed 
about 10 days after the second one has been finished. Under most 
circumstances no further spraying will be necessary for the first brood 
of worms, but in very wormy orchards an additional cover spray for 
this brood may be applied to advantage. 

SPRAYS FOR THE SECOND BROOD. 

As there is an interval between the first and second broods of 
worms, there is no need of spraying again for about four weeks. 

Fourth cover spray. — This puts the fourth cover spray, or the first 
spray for the second brood, about six or seven weeks after the first 
cover spray. This spray usually comes about the second or third 
week of July. If it is desired to time this spray more accurately, 
band a few wormy trees and spray 25 days after the first worm of 
the first brood appears under the bands. Unless the trees banded 
are quite wormy, however, this method will not be accurate. The 
influx of increasing numbers of moths in the baits during July will 
give an accurate indication of the need for second-brood spraying. 

Fifth cover spray. — A fifth cover spray, or the second spray for 
the second brood, should follow the fourth at an interval of three or 
four weeks. These two applications should be sufficient for the 
second brood. If the worms are not under control by this time Later 
sprays can do little good, and will only result in excessive quantities 
of residue on the fruit at picking time. If careful work is done in 
putting on the earlier applications there need be no apprehension of 
a sudden influx of late worms. 

VARIATIONS IN THE NUMBER OF SPRAYS. 

The number of sprays necessary to control the codling moth may 
vary from one to seven or more. * At least half the total number of 
cover sprays, however, should be applied for the first brood of worms. 

In certain favored localities in the Pacific Northwest, such as 
Whatcom County, Wash., the codling moth practically does not 
occur, and spraying may not be necessary. Farther south in Wash- 
ington, west of" the Cascade Mountains, the calyx spray alone may 
suffice (Table 1, schedule 1) or two sprays, the calyx spray and a 
cover spray about four weeks later (Table 1, schedule 2), may be 
required. 

In the remainder of the Pacific Northwest , including Oregon, east- 
ern Washington, and Idaho, the number of sprays necessary varies 
from one to seven, depending on the altitude, climate, degree of codling 
moth infestation, and other factors. Table. 1 gives spray schedules 
calling for from one to six applications, and the individual grower 
will have to determine from his own experience and that of others 
in his locality which schedule to follow. 
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SPRAY SCHEDULES FOR APPLES. 

Table 1. — Codling moth spray schedules for apples in the Pacific Northwest. 



Schedule. 



Schedule 1 (1 spray) — 
Schedule 2 (2 sprays) . 

Schedule 3 (3 sprays) _ 
Schedule 4 (4 sprays) . 

Schedule 5 (5 sprays) _ 
Schedule 6 (6 sprays). 



Schedule 7 (7 sprays). 



1. Calyx spray - 

1. Calyx spray _ 

2. Cover spray . 



When most petals have fallen. 
Do. 

4 weeks after 1. 

When most petals have fallen. 
4 weeks after 1. 
6 or 7 weeks after 2. 

When most petals have fallen. 
3 weeks after 1. 

2 weeks after 2. 
6 or 7 weeks after 2. 

When most petals have fallen. 

3 weeks after 1. 
8 to 10 days after 2. 
16 to 20 days after 2. 
6 to 7 weeks after 2. 

1. Calyx spray When most petals have fallen. 

2. First cover spray ! 3 weeks after 1. 

3. Second cover spray i 8 to 10 days after 2. 



1. Calyx spray 

2. First-brood cover spray 

3. Second-brood cover spray.. 



1. Calyx spray 

2. First cover spray 

3. Second cover spray. 

4. Third cover spray ... 



1. Calyx spray 

2. First cover spray 

3. Second cover spray. . 

4. Third cover spray ... 

5. Fourth cover spray.. 



Time of application. 



4. Third cover spray _ 

5. Fourth cover spray. 

6. Fifth cover spray 



1. Calyx spray 

2. First cover spray 

3. Second cover spray. 

4. Third cover spray. _ 

5. Fourth cover spray.. 

6. Fifth cover spray 

7. Sixth cover spray 



16 to 20 days after 2. 
6 to 7 weeks after 2. 
10 or 11 weeks after 2. 

When most petals have fallen. 

3 weeks after 1. 

8 to 10 days after 2. 

16 to 20 days after 2. 

24 to 30 days after 2. 

6 to 7 weeks after 2. 

10 or 11 weeks after 2. 



WHEN TO SPRAY PEARS. 

Pears ordinarily do not become as wormy as apples, particularly 
when interplanted with them, the moths showing a preference for the 
apples. Where solid plantings of pears are made, the fruit often be- 
comes decidedly wormy unless properly sprayed. In all cases, a calyx 
spray should be applied. As the pear calyces do not close rapidly, 
there is more time in w^hich to apply this spray than in the case of 
apples. 

Following the calyx spray, a cover spray should be given about 
four weeks after the petals have dropped. Where pears are inter- 
planted with apples, these sprays may be applied at the same time 
the apples are being sprayed. 

In the warmer sections, and where the worms are numerous, it is 
necessary to apply further cover sprays according to the seriousness 
of the infestation. Where the worms are unusually difficult to con- 
trol, pears should be sprayed as often as apples. Bartletts or other 
early varieties should not be sprayed after the end of July, as they 
are usually harvested in August. 

If only one spray is needed this may be applied at the time of the 
first cover spray for apples. This will act as a combined calyx and 
cover spray, because the calyx cups mostly remain open in pears 
until after this time (Table 2, schedule 1). If this one spray is 
insufficient, a calyx spray should be applied earlier, because pears~ are 
more subject to calyx worms than apples and need more protection 
in the calyx (Table 2, schedule 2). 
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In order to facilitate an even distribution of the spray oyer the 
smooth waxy surface of the pears and to prevent the objectionable 
blotching of the mature fruit, it is advisable to use a spreader in 
the cover sprays. . 

Table 2 suggests schedules for pears differing m the number ot 
applications. 

SPRAY SCHEDULES FOR PEARS. 



Table 2. — Codling moth spray schedules for pears in the Pacific Northwest. 



Schedule. 


Spray. 


Time of application. 


Schedule 1 (1 spray) 

Schedule 2 (2 sprays) 

Schedule 3 (3 sprays) 

Schedule 4 (4 sprays) 

Schedule 5 (5 sprays) 


1. Combined calyx and cover spray. 

2. Cover spray 

2. First cover spray 

3. Second cover spray : 

2. First cover spray. .- --- 

3. Second cover spray 

4. Third cover spray 

2. First cover spray 

3. Second cover spray 

4. Third cover spray 

5. Fourth cover spray 


Just before worms begin to hatch. 

When most petals have fallen. 
3 or 4 weeks after 1. 

When most petals have fallen. 
3 weeks after 1. 

2 weeks after 2. 

When most petals have fallen. 

3 weeks after 1. 

2 weeks after 2. 

7 or 8 weeks after 2. 

When most petals have fallen. 

3 weeks after 1. 
2 weeks after 2. 

7 or 8 weeks after 2. 
2 or 3 weeks after 4. 



CONCISE DIRECTIONS FOR SPRAYING. 



Own a good spraying outfit and keep it in good mechanical condition. 
It pays. 

Have sufficient pressure to break the spray into a fine mist, it 
your outfit will not do this with the nozzles you are using, put in 
disks with smaller holes, or use fewer nozzles. Replace the disks as 
the holes become worn. 

Use any standard brand oj lead arsenate, 2 pounds of powder to 
100 gallons of w^ater, or 3 pounds in early sprays. The use of a 
spreader is advisable. 

Never omit the calyx spray. Put it on as soon as the petals have 
fallen. Spray very thoroughly and fill every calyx cup. 

Apply as many cover sprays as necessary. Get expert advice as to 
the number necessary and when to apply them. If this is not avail- 
able, use the recommendations contained in this bulletin. Be par- 
ticularly thorough with the cover sprays for the first brood. Spray 
the entire surface of each fruit. Remember there is fruit m the center 
of the tree and in the top. 

Do not apply very late sprays or use more than the recommended 
proportions of lead arsenate. Either course may result in objection- 
able spotting of fruit at harvest time. 

Hold to your spray schedule. Do not let other orchard operations 
interfere with it. 

REMOVING SPRAY RESIDUE. 

The removal of excessive spray residues is obligatory, and must be 
done by the grower or shipper. Satisfactory methods have been 
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worked out and suitable machines are available for carrying out this 
process. Removal is accomplished by carrying the fruit through the 
machine, spraying or flooding it with an acid or alkaline wash which 
dissolves off most of the spray material, and rinsing and drying it 
before it is packed. 

In most instances this removal of the residue is not difficult to 
accomplish. Care should be exercised by the grower, however, to 
avoid spray schedules which may result in excessive residues. 5 

COMBINATION SPRAYING FOR THE CODLING MOTH, 
POWDERY MILDEW, 6 AND SCAB. 

Prepared in cooperation with D. F. Fisher, Principal Horticulturist. Bureau oj 

Plant Industry 

Apple powdery mildew is found on apples practically throughout 
the Pacific Northwest, while scab occurs only in the more humid sec- 
tions such as west of the Cascade Mountains and in the hilly regions 
of eastern Washington and Idaho. As these two fungous diseases 
are combatted by spraying at approximately the same time as the 
spraying for the codling moth, it is very often convenient to combine 
the materials used and spray them on the trees together. This applies 
particularly to the calyx spray and the first two cover sprays. , 

A weak lime-sulphur solution (see Tables 3 and 4) is the fungicide 
most often used to control mildew and scab. It is entirely safe and 
practicable to mix lime-sulphur and lead arsenate if certain precau- 
tions are observed. In mixing the sprays the lime-sulphur should be 
put in while the tank is being filled, and the arsenical added just before 
beginning to spray and while the spray solution is being vigorously 
agitated. It is also well to turn the nozzles into the tank for a minute 
or two before beginning to spray, to insure uniform mixing. 

Because of a chemical reaction which occurs in the mixture, the 
combined spray should be used at once and not allowed to stand in 
the tank for several hours. This procedure will insure against the 
accumulation in the tank of a heavy black precipitate that is the result 
of the reaction and that might give trouble in the valves and screens 
of the machine. The reaction may be retarded by adding to the 
200-gallon tank the milk of lime obtained by slaking 8 pounds of 
quicklime, but this is not necessary if the material is sprayed out 
promptly. A spreader, preferably casein, 7 should always be used in 
mildew spraying to effect a uniform covering of the foliage. This 
spreader will also retard the reaction between the lime-sulphur and 
the lead arsenate if put into the tank before either of the other ingre- 
dients is added. 

In spraying for mildew or scab, more material must be used than 
where the codling moth alone is concerned, since both sides of the 
leaves must be thoroughly covered with the spray. The proper times 
to use the fungicides are indicated in Tables 3 and 4. 

8 For a discussion of spray residue removal see IT. S. Dept. Agr. Circular 59, Removal of Spray Residue 
from Apples and Pears in the Pacific Northwest. More detailed information may be obtained from the 
Bureau of Plant Industry, U. S. Department of Agriculture, Washington, D. C. 

6 For a full discussion of apple powdery mildew and fungicides to use for it, see Farmers' Bulletin 1120, 
Control of Apple Powdery Mildew. 

7 Soap spreaders can not be used with lime-sulphur. 
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COMBINED SPRAY SCHEDULES FOR THE CODLING MOTH, POWDERY 
MILDEW, AND SCAB. 

In Table 3 is given a spray schedule for the control of the codling- 
moth in the arid irrigated sections of the Pacific Northwest. Rec- 
ommendations for mildew spraying are added in italics. The first 
column in each section gives the character of the application and the 
time to apply it. The second column specifies the material to be 
used and the quantity, while the third column shows the pest to be 
controlled by each material. The pink spray is for the mildew 
alone. If the interval between the calyx spray and the first cover 
spray is more than three weeks, which may occur in cool wet seasons, 
a special mildew spray should be applied two weeks after the calyx 
spray, using the same spray as for the pink spray. 

It is impossible to give special spray schedules for each section 
of the region covered by this bulletin, but the one given in Table 3 
will be used by the majority of growers in the arid regions. There 
may be certain sections or certain orchards, as already explained, 
situated so favorably that fewer applications will suffice. On the 
other hand, growers in the warmest parts of the Northwest, or in 
very wormy localities, may find it necessary to apply two cover 
sprays for the second brood of worms instead of one, as indicated in 
schedule 6, Table 1. 

Table 4 gives a spray schedule to be used wherever scab is of 
sufficient importance to warrant control measures. This applies to 
the regions west of the Cascade Mountains, except the Rogue River 
Valley, and to some of the more humid sections in the eastern part 
of the region covered by this bulletin. In some of these districts it 
will not be necessary to apply more than one or two sprays for the 
codling moth, though more may be required to control scab. 

Table 3. — Combined codling moth and powdery mildew spray schedule for the 
arid sections of the Pacific Northwest 



Application and time. 



Pink spray: Apply ju*t before the blos- 
soms open. 

Calyx spray: Apply when most petals 
have fallen. 



First cover spray: Apply just before 
first worms are hatching. (About ?> 
weeks after calyx spray.) 



Second cover spray: Apply 8 to 10 days 
after first cover spray. 



Third cover spray: Apply 16 to 20 days 
after first cover spray. 

Fourth cover spray: Apply G to 7 weeks 
aftei first cover spray. 



Pest controlled. 



Lime-sulphur, 1 to 50, or iron sulphide.., Apple ponder y mildew. 

[Lead arsenate, powder, 1 pound, or Codling moth. 

paste, 2 pounds, to 50 gallons of water. 
{Lime-sulphur, l to 50; or iron sulphide.. Apple powdery mildew. 



| Lead arsenate, powder, I pound, or 
\ paste, 2 pounds, to 50 gallons of water. 
[Lime-sulphur, 1 to 50; or iron sulphide.. 

Lead arsenate, powder, 1 pound, or 

paste, 2 pounds, to 50 gallons of water. 
Lime-sulphur, 1 to 50; or iron sulphide; i 

or ammoniacal copper carbonate. 2 

Lead arsenate, powder, 1 pound, or ; Codling moth, 
paste, 2 pounds, to 50 gallons of water. 



Codling moth. 
Apple powdery mildew,. 
Codling moth. 
Apple powdery mildew. 



1 Use if the infection is severe or the crop light. 

1 Use where the danger of burning the fruit is to be avoided. 
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Table 4. — Combined codling moth, scab, and powdery mildew spray schedule for 
the humid sections of the Pacific Northivest 



Application and time. 



Materials. 



Pest controlled. 



First cluster-bud spray: Apply when 
buds are bursting. 

Pink spray: Apply just before the 
blossoms open. 

Calyx spray: Apply when most petals 
have fallen. 



10-day spray: Apply 10 to 14 days after 
calyx spray. 

First cover spray: Apply just before 
first worms are hatching (3 or 4 weeks 
after calyx spray) . 

Second cover spray; 1 Apply 2 weeks 
after first cover spray. 

Third cover spray: Apply 6 or 7 weeks 
after first cover spray. 



Lime-sulphur, l}/2 to 50. 



Lead arsenate, powder, 1 pound, or 
paste, 2 pounds, to 50 gallons of water. 
Lime-sulphur, 1)4 to 50 



Lime-sulphur % to 50. 



Lead arsenate, powder, 1 pound, or 
paste, 2 pounds, to 50 gallons of water. 
Lime-sulphur, ly^to 50 



Lead arsenate, powder, 1 pound, or 
paste, 2 pounds, to 50 gallons of water. 



Scab. 

Scab and mildew. 

Codling moth. 
Scab and mildew. 
Do. 

Codling moth. 
Scab and mildew. 
Codling moth. 

Do. 



1 Apply this spray if codling moth infestation is severe or the season unusually warm. 
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